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1.1.  Background of Practical Training 
 
To date, sensory qualities of our food are no longer our only concerns in deciding which 
food to eat, rather, nutritional value of a food is considered just as important as those 
sensory qualities. Thus, it is the duty of food technologists and scientists to create food 
which is not only palatable, but also healthy. In addition, demand for food and 
beverages is a constantly changing trend, therefore it is necessary for food scientists and 
technologists to constantly be up-to-date with the newest and upcoming trend. The 
search for knowledge and skills becomes our main reason to conduct a research 
internship overseas with our partner universities. Aside from learning food trend in 
other countries, we also learn about the culture of the countries we are visiting while 
simultaneously introducing our own cultures to the people we interact with. Finally, this 
internship programme is a requirement to achieve Bachelor Degree in Facuty of 
Agricultural Technology, Department of Food Technology, Soegijapranata Catholic 
University, Semarang, Indonesia. 
 
Department of Biotechnology of Dongseo University, Busan, South Korea is the 
destination for the research internship because of the department‟s advancement in 
biotechnological field, including food biotechnology.  
 
1.2.  Purpose 
 
1. Experiencing research in a foreign environment 
2. Learning to adapt in  foreign country 
3. To broaden our horizon regarding food trend 








1.3. Dongseo University (DSU) 
 
Dongseo University is a private university in Busan started in 1992 through Dongseo 
Educational Foundation. Back in 2013, DSU was recognized by Quacquarelli Symonds 
with The Chosun Ilbo as one of the top 50 Asian universities for internationalization. 
DSU houses approximately 11,000 full-time students in which about 1,000 students are 
international students from 69 countries. In Busan, DSU offers 57 departments as part 
of its undergraduate programmes and 10 departments as part of its graduate 
programmes. DSU specializes in Design, Digital Contents (Game, Animation, Visual 
Effects), Film & Video, and Information Technology. In addition to Korean-language 
programmes, Global Studies Institute becomes a part of DSU‟s effort to provide 
international students with English-based undergraduate programmes in Business 
Administration, Biomedical Laboratory Science, Computer Engineering, Digital 
Contents, Graphic Design, International Studies, and Film&Video. 
 
 
Figure 1.  Logo of Dongseo University 
 
1.4.  Department of Biotechnology 
 
The Department of Biotechnology of Dongseo University has three main objectives: to 
prepare graduates to work in international environments, offer students chances to study 
abroad through the joint degree programmes, and to help studentsenter top-level Ph.D. 
programmes abroad with financial scholarships. This department also boasts its 
international cooperations with renowned universities in Germany such as Technical 
University of Berlin and Friedrich-Alexander Univerity Erlangen-Nuremberg. With this 
joint degree programmes with universities abroad, the department sees a number of 
lecturers from overseas. The facilities in the laboratories consist of wide varieties of 
analytical tools, brewing tools, freeze dryer, clean bench, et cetera. 
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2. RESEARCH PROJECT 
 
2.1. Research Overview 
 
The research “Study on Sugar Profile during Mashing of Wheat and Barley Malt at 
Dongseo University, Busan, South Korea” was part of a trial to make beer out of Wheat 
and Vienna Malt. Sugar analysis was conducted using phenol-sulphuric acid assay with 
8 glucose standard solutions. Samples were taken from the mash of wort every 5 
minutes from the start of mashing until 135
th
 minute. The objective of this research was 
to study the mashing profile of wheat and barley malt. This research was overseen by 
Professor Alexander Jahn. 
 
2.2. Background of Research 
 
This research was done by performing mashing of malt into wort. The previous steps of 
beer making, which is malting was skipped. This is due to the raw material of mashing, 
the malt, is widely available in the market. Therefore, making of beer in the laboratory 
can be done without having to spend several days to malt the grains prior to mashing. 
 
2.2.1. Beer Mashing 
 
Mashing of germinated grain has a purpose to reactivate the enzymes that are 
deactivated during kilning (Mosher & Trantham, 2017). These enzymes would convert 
starch, beta-glucans, and arabinoxylans  into both fermentable and non-fermentable 
sugars (Durand et al., 2009). The fermentable sugars such as maltose, glucose, and 
maltotriose are used as substrates to produce alcohol during fermentation. The non-
fermentable sugars can be considered as by-products of fermentation that remains 
essentially unchanged throughout the process and gives  the sweet taste of beer (Mosher 
& Trantham, 2017). Mashing also contributes to the size reduction of some proteins 
extracted from the malt and this has a direct impact on the mouthfeel and properties of 




between producers of beer but the objective is to gelatinized starch and optimize 
enzyme activity (Fox, 2018). 
 
During mashing, temperature has to be monitored and controlled to determine the result 
of the wort. If the mash is too hot the resulting beer would be too thick, too sweet, and 
has low alcohol content and the contrary would happen when the mash is too cold 
(Mosher & Trantham, 2017). Optimal mashing temperature is not the same for different 
grains due to the different gelatinization temperature of the different grains. As such a 
mashing procedure developed for one kind of grain would not be suitable to be used for 
different grains. For example, mashing barley at 65
o
C may produce high yield of 
fermentable sugar but at the same mashing temperature, malted sorghum has a low yield 
of fermentable sugar (Igyor et al., 2001). Higher temperature leads to larger extent of 
the starch degradation thus increasing fermentable matters but at the same time it also 
creates undesirable species in the wort. Non-starch polysaccharides such as beta-glucans 
and arabinoxylans causes processing problems such as low extract yields, hazes, and gel 
formation thus minimization of such compound formation is needed (Durand et al., 
2009).  
 
By modifying the temperature of mashing, activity of enzymes taking part in the 
reactions (starch, β-glucans, and arabinoxylans degradation) can be modified as well. 
As such it is possible to find the optimal temperature at which the enzymes are working 
at a high starch to sugar conversion rate yet the formation of non-fermentable sugar is 
kept low (Durand et al., 2009). The three main amylolytic enzymes are α-amylase, β-
amylase, and dextrinase. Among these enzymes, α-amylase has the highest thermal 
stability, followed by dextrinase and the most susceptible towards heat is β-amylase. 
Different grains which contain these enzymes may have different thermal stability 
profiles as such, to obtain the optimal mashing temperature based on amylolytic 
enzymes‟ thermal stability, studies on individual grain type should be conducted 
(Gebremariam et al., 2013). 
 
Another factor that plays a role in mashing result is mashing time. Mashing time 




activity of amylolytic enzymes. Longer mashing time will give α-amylase and β-
amylase more chance to work on cleaving glycosidic bonds. Malt with stronger amylase 
activity should be mashed in a shorter period of time (Li et al., 2017). In the process of 
brewing, the malt being mashed is sometimes put in a rest. In a complete mashing 
process, there can be multiple resting time which allows enzymes to work on cleaving 
glucose at their optimal temperature thus increasing fermentable sugar content (Durand 
et al., 2009). 
 
The enzyme α-amylase is a amylolytic enzyme which cleaves α-1,4-glycosidic bonds 
are random within starch molecule. However, this enzyme cannot cleave α-1,6-
glycosidic bonds at the branching point of starch molecule thus producing limit dextrin 
which contributes to sweetness, thickness, and richness of final beer flavor. While α-
amylase has an optimal temperature of 63-70
o
C it has been noted that at temperature 
lower than 63
oC α-amylase still shows activity while above 70oC the enzyme starts to 
denature resulting in a loss of function. β-amylase is similar to α-amylase but with 
different optimal temperature of 55-65
oC instead and this enzyme would cleave α-1,4-
glycosidic bonds from non-reducing ends of starch  (Mosher & Trantham, 2017).  
 
2.2.2. Phenol Sulfuric Acid Assay 
 
Sugar is sweet carbohydrate soluble in water. Usually, sugar refers to sucrose, a 
disaccharide comprises glucose and fructose (Kruger, 1994). To measure the amount of 
sugar in food and beverages, several methods can be used. Phenol-sulfuric acid, a 
colorimetric method for carbohydrate analysis, is a quick, easy, and reliable method to 
determine the amount of sugar, especially neutral sugars in an ingredient (Masuko et al., 
2005). This method detects and determine the amount of reducing carbohydrates only, 
however nearly all types of sugars can be detected by this method since strong acid 
(H2SO4) hydrolyzes carbohydrates at high temperature. Continued heating under acidic 
condition will produce furan derivatives which then condense with phenol to give 
colored compound. These colored compounds have maximum light absorption at 




3. RESEARCH METHODOLOGY 
 
3.1.  Materials 
 
D (+) glucose was obtained from Sigma-Aldrich (China), extra pure sulfuric acid 
obtained from Dae Jung Chemicals & Metals Co., Ltd., 99.9% assay ethanol obtained 




The equipment used in this research are Epoch Microplate Reader (BioTek Instruments 
Inc, South Korea), 96-wells microplate, 1000 µl micropipette, 200 µl micropipette, tips, 
scale, vortex mixer, Eppendorf vial, 14 ml Falcon tube, centrifuge, cryogenic freezer, 




To make the standard solution of glucose with concentration of 500, 400, 300, 200, 100, 
50, 25, 10 µg/ml, first 0.05 g of D (+) glucose is made into solution in 100 ml 
volumetric flask. This solution is 500 µg/ml glucose solution. Transfer 1 ml of this 
solution to a 1.5 ml Eppendorf vial and from the stock solution, make dilutions to obtain 
400, 300, 200, 100, 50, 25, 10 µg/ml standard glucose solution each of 1 ml volume in 
Eppendorf vials.  
 
3.3.1. Mash Sample Collection 
 
Mashing was done by putting 3.8 kg of ground Vienna malt and 1 kg of ground wheat 
malt into approximately 18 L of distilled water in a brewing kettle and then later on 
adjusted to give a mash with specific gravity of 1.055 or sugar content of approximately 
13%. The temperature of the mash was increased to 42
o
C and the temperature was kept 
at 42
o
C for 10 minutes. The temperature was then increased to and kept at 53
o
C for 
another 10 minutes. Next, the temperature was increased and kept at 62
o




minutes. Afterwards the temperature was increased and kept at 73
o
C for 15 minutes. 
Lastly, the mash temperature was increased to 78
o
C for 15 minutes for mashout.  
 
Starting from the moment the ground grains were put into the water in the kettle, a timer 







 min and so on) 5 ml of sample was taken until mashing process had 
finished. Each time a mash sample was taken, the temperature of the mash was recorded 
using a thermometer. Immediately after collection the mash sample was frozen in the 
cryogen freezer for analysis later on. In the preliminary trial approximately 1 ml sample 
was collected and it showed that it was insufficient to conduct a pipetting properly due 
to the grains blocking the pipette tip. Higher volume of sample makes it easier to avoid 
sucking the grains. In total, 28 tubes of sample were collected. 
 
After thawing the sample at room temperature, the samples in each tube was diluted 
with a dilution factor of 300 with distilled water. This dilution factor was chosen 
because the final sugar content of the wort was approximately 13% (130000ppm) 
measured with hygrometer and the highest standard solution concentration was 500 
µg/ml (500 ppm), as such dilution factor of 260 or higher was needed. A preliminary 
trial of phenol sulfuric acid assay on 3 samples taken at time 0, 70 and 125 minutes was 
conducted by applying a dilution factor of 250. The result showed that sample taken at 
125 minute has absorbance beyond the standard curve, thus further dilution was needed. 
In this experiment the dilution was done by pipetting 33 µl of sample into an Eppendorf 
vial and adding 967 µl of distilled water to obtained 30 times dilution. Take 100 µl of 
the 30 times diluted solution and put it in another Eppendorf vial then add 900 µl of 







Figure 2. Mashing steps 
 
3.3.2. Phenol Sulfuric Acid Assay 
 
Sample extraction was done by pipetting 800 µl of the diluted sample into a falcon tube 
and adding 1600 µl of ethanol (99.9% assay). The mixture was centrifuged at 2000 rcf 
for 10 minutes. Immediately after centrifugation the solution was decanted. The 
supernatant was used as the sample for phenol-sulfuric acid assay. The assay was done 
using a 96-well microplate. First 150 µl of fresh pure sulfuric acid was pipetted into 
wells which will contain the samples and blanks. Afterwards, 50 µl of samples are 
added to the designated wells. For standard solution blanks, distilled water was used 
instead of standard solution. For sample blanks, distilled water-ethanol mixture of ratio 
1:2 was used. Afterwards, 30 µl of 5% phenol solution was added to the well. During 
addition of phenol, the content of the well had to be mixed well. Lastly, the wells are 
covered using tape and incubated in water bath at 70
o
C for 20 minutes. Before using 
microplate reader to analyze the result, the microplate containing the samples was 
cooled down to room temperature. The reading of the sample was done at 490 nm 








Figure 3. Dilution of sample 
 
Two microplates were used because the number of samples were too big to be 
accommodated in one microplate. In each microplate a standard curve was made using 
standard solutions. Standard curve from method validation was not used because the 
results in between assays were inconsistent and not repeatable, therefore a new standard 
curve had to be made each time sample analysis was done. Figure 4 (a) and (b) show the 




Figure 4. Placement of standard solutions, samples (0-65 min), and blanks in 96-well    
microplate 
 
































































































































































Figure 5. Placement of standard solutions, samples (0-65 min), and blanks in 96-well    
microplate 

































































































































































Before the start of the research, a method validation was done on the phenol-sulfuric 
acid assay. This method validation was done using glucose standard solutions of 
concentrations 500, 400, 300, 200, 100, 50, and 25 µg/ml. Method validation was done 
over a 3 days to see if the assay is repeatable. 
 
4.1. Method Validation Results 
 
Table 1. Result of 3-days phenol sulfuric acid assay method validation using 96 –well 









1.132 0.824 0.589 0.318 0.267 0.13 0.05 0.068 
 
 
1.272 0.811 0.707 0.366 0.231 0.096 0.071 0.05 
1.163 0.742 0.413 0.41 0.195 0.098 0.055 0.032 
1.058 0.512 0.302 0.261 0.152 0.066 0.046 0.021 
 
 
0.673 0.487 0.378 0.256 0.125 0.068 0.075 0.029 
0.589 0.478 0.354 0.262 0.141 0.066 0.044 0.026 
0.955 0.923 0.575 0.335 0.246 0.158 0.058 0.022 
 
 
1.224 0.833 0.729 0.383 0.15 0.093 0.05 0.016 








0.239 0.197 0.159 0.058 0.051 0.037 0.011 0.017 
 
RSD (%) 23.47 26.83 30.734 17.704 26.772 35.904 20.545 56.199 
 
The result of method validation shows that this assay is not repeatable as the RSD values 
for most of the standard solutions have relative standard deviation higher than 20% 






Figure 6. Standard curve of phenol sulfuric acid assay on glucose solution with 
concentration of 500, 400, 300, 200 100, 50, 25, and 10 µg/ml using 96-well 
microplate at 490 nm 
 




Figure 7. Temperature profile and sugar concentration in mashing sample of wheat and 
barley malt taken every 5 minutes, measured using phenol sulfuric acid assay 
with 96 well microplate at 490 nm 
y = 0.0019x - 0.0088 




































































Sample collection time (min) 





Table 2.  Concentration of sugar in mashing sample taken every 5 minute during 
mashing of Vienna and wheat malt 
 

































Two reagents were used in phenol sulfuric acid assay, which are pure sulfuric acid and 
5% phenol solution. Pure sulfuric acid was added to the well before the sample was 
pipetted into the well, and lastly 5% phenol solution was added to the well. This 
sequence of addition was used based on an experimental result to find the optimal 
reaction condition of phenol sulfuric assay on a microplate conducted by ((Masuko et 
al., 2005). This sequence gives the highest absorbance as compared to if phenol was 
added before sulfuric acid. The amount of sample and reagents used in the assay also 
follows the amount used in that experiment. Usually a phenol sulfuric acid assay would 
need 50-450 nmol of monosaccharide or equivalent, however, the experiment adopted a 
more economic method with 10-80 nmol of monosaccharide or equivalent to be used for 
analysis of precious samples  (Masuko et al., 2005).  
 
Figure 3 shows that the concentration of sugar in the mashing sample increases as the 
time of sample collection increases. This increase in concentration of sugar is due to a 
conversion of starch into sugar by several enzymes native in the grains used to produce 
beer. These enzymes each work at different optimal temperature. In order to create an 
opportunity for the enzymes to work at their optimal temperatures during mashing, in 
the process of mashing there are several resting periods at temperatures specific to the 
enzymes‟ optimal working temperatures (Mosher & Trantham, 2017). In this 
experiment the 4 temperature resting periods were used, which are 42
o
C for 10 minutes, 
53
o
C for 10 minutes, 62
o
C for 30 minutes, and 73
o
C for 15 minutes.  
 
Glucanases in barley malt reaches their optimal working temperature at a temperature 
range of 37 to 46
o
C and they start breaking down β-glucans in barley malt. In this 
experiment, 42
o
C was chosen as the resting temperature. β-glucan in barley malt 
contributes as structural component which gives chewy texture to bread. By breaking 
down β-glucan, the starch in the malt is more accessible to other enzymes during the 
mashing. Glucanase works by breaking β-(13) and β-(14) glycosidic linkages in β-




Trantham, 2017), a 10-20 minutes of resting at this temperature can help thinning the 
mash although it is not necessary to rest at this temperature to fully activate glucanase. 
 
Protease and peptidase work to breakdown peptides and proteins in starch endosperm 
and they have an optimal temperature range of 47 to 54
o
C. In this experiment the chosen 
temperature rest was 53
o
C. Breaking down peptides and proteins helps to solubilize the 
starch in endosperm. This resting step can be skipped if pure barley malt is used to 
make the wort, however, if adjuncts such as wheat or oat malts are used, resting the 
mash at around 50
o
C. Keeping this rest short enables larger proteins to be broken down 
leading to hazy appearance in the final product, yet the mouthfeel of the added adjuncts 
to show through the finishing product, thus the rest in the experiment was kept short for 
10 minutes (Mosher & Trantham, 2017). 
 
The next temperature rest was the longest rest in the experiment which took 30 minutes 
at 63
oC. During this rest, α-amylase works on starch by cleaving the α-(14) glycosidic 
linkages in starch and thus starch will begin to be converted into glucose  smaller 
glucose polymers such as maltose, maltotriose, maltotetrose, etc. In starch molecule, the 
α-(16) glycosidic linkages at the branching points cannot be cleaved by α- amylase. 
This results in a small, branched glucose polymers called limit dextrin. Limit dextrin 
cannot be fermented by yeast to yield alcohol, thus it will instead contribute to the 
sweetness and mouthfeel of final product. In a similar temperature range, β-amylase 
works on cleaving starch but it works on non-reducing end of starch molecule. This 
enzyme cleaves  α-(14) glycosidic linkages every 2 glucose molecule, resulting in 
maltoses being liberated from the starch molecule. (Mosher & Trantham, 2017). 
Through enzymatic activity, amylose can be converted into maltose and amylopectin 
can be converted into maltose and β-limit dextrin. Both α-amylase and β-amylase work 
together in generating large amount of maltoses efficiently. However, β-amylase is 
more temperature sensitive compared to α-amylase. In gelatinized starch, β-amylase has 
an optimal temperature of 62.5
o
C (Li et al., 2017).  
 
The optimal temperature of α-amylase is higher than that of β-amylase with optimal 
temperature of around 70
o




of the mash to 70
o
C will thin the mash. Without this temperature rest at 70
o
C, the starch 
will not be broken down into fermentable sugar, as a result, later on in the fermentation 
process yeast cannot use these starch as fermentation substrate and thus the mash would 
be thick and semi-solid paste (Lewis & Young, 2001
a
) This explains the rest at 72
o
C for 
15 minutes in this experiment where at this temperature, α-amylase is allowed to work 
further but the activity of β-amylase is further reduced.  
 
β-amylase is called fermentability enzyme or saccharifying enzyme due to its action to 
release sweet-tasting maltose which is a fermentable sugar. On the other hand, α-
amylase is called liquefying enzyme due to its action to breakdown α-1-4-glycosidic 
bond at random to decrease the size of starch molecules, thinning the mash and increase 
mash yield. Finding the balance of both amylase activities is crucial as a higher mash 
temperature will give higher α-amylase activity and starch dissolves better at higher 
temperature thus increasing the yield of the mash. However, at the optimal temperature 
of α-amylase, β-amylase is quickly denatured, thus reducing the fermentability of the 
mash. Between the two extremes of temperature there is a narrow range of temperature 
called „brewer‟s window‟ which is a balance between fermentability and yield. While 
mashing yield refers to the total amount of sugar in the mash, the fermentability refers 




After the sequence of temperature rests from 42
o







a mashout was done at 78
o
C for 15 minutes. This step was done to remove all enzymatic 
activities through denaturation of all enzymes at this temperature (Mosher & Trantham, 
2017). As there are no more enzymatic activities and most of the starch has been 
converted into sugar, during mashout, the sugar content in the mash should not increase 
anymore. 
 
Figure 4 and 5 show that during mashing there is an increase of sugar content in the 
mash as the mashing proceeds. During temperature rests, increase in sugar content 
should be the steepest as the resting time corresponds with the optimal temperatures of 
each working enzyme in the mash. However, Figure 7 does not show any clear link 









 minutes showed larger variances in the data as compared to the first 
microplate. This mistake could be due to the imperfect pipetting technique in which 
mixing of reagents was not done well. Besides the improper mixing, the sequence of 
reagent addition was likely to cause the large variance. According to Masuko et al. 
(2005) it was explained that the best way to optimize phenol sulfuric acid assay was to 
immediately adding phenol solution after putting concentrated sulfuric acid into the well 
containing sample. In this experiment, phenol was added to the microplate wells after 
concentrated sulfuric acid was added to all wells. Therefore there was a large time gap 
between the addition of sulfuric acid and 5% phenol solution which may affect the 




6. CONCLUSIONS AND RECOMMENDATION 
 
6.1.  Conclusions 
 
During mashing of malt, sugar concentration in the mash gradually increases. The 
increase in sugar concentration is caused by enzymes contained naturally in the malt 
which convert starch and non-starch saccharides into sugars. Mashing is done by 
controlling the temperature of the mash through series of temperature rests. It is 
expected that the fastest increase in sugar concentration during these temperature rests, 
however the result shows an inconsistent rise in the sugar concentration in the mash. 
Procedural mistakes throughout the experiments are suspected to contribute to the large 




Improvements to this experiment can be made by changing the sequence of reagent 
addition, starting from putting all samples in the well first and then immediately after 
concentrated sulfuric acid is added to one well, phenol solution is added to the same 
well. Based on the experiment result, uniform mixing could not be achieve, therefore to 
minimize errors pertaining to mixing, it is recommended that for all wells, the number 
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Appendix 2. Place of Research Internship 
 
The practical training was conducted at Department of Biotechnology, Dongseo 








Figure 8. Map of Dongseo University, Busan, South Korea 
 
The red arrow indicates the location of Dongseo University main campus in Jurye 
district, Busan. The address of the campus is 47 Jurye-ro, Jurye 2(i)-dong, Sasang-gu, 
Busan, South Korea (Phone number: +82513132001). 
 
